Landslides have catastrophic impacts mainly on the rough terrain of hilly/ mountainous regions in Nepal. In this study, Landslide hazard of Thumba River basin located in Taplejung district of Nepal is predicted using Analytical Hierarchy Process (AHP) and Geographic Information System (GIS) tool. The major physical and ecological factors that are considered in landslide hazard mapping are; topographical heights to generate slope and aspect, land use pattern, drainage density, distance from streams and existing landslides. The weightage values to the factors are set using pairwise comparison matrix and standard matrix. Several landslide susceptible zones are delineated as High, Medium and Low by unequal interval classification method in ArcGIS. The final susceptibility map shows that about 60% of south facing cultivated land within the elevation range of 1700-2200 m amsl comprise70% vulnerable hazard coverage on Thumba basin. The map was verified with existing landslide locations which yielded close proximity. Hence, any planners, decision-makers, concerned authorities can cogitate combined AHP and GIS application in landslide hazard mapping as required for various developmental projects.
INTRODUCTION
Nepal is a mountainous country with varied topography, composite geological features, diverse climatic range and dense population. Human intervention on steep slopes along various topography has made the flat lands and hilly area susceptible to hazards such as floods and landslides. The frequency of occurrence of such calamities have been increasing during the recent years resulting in loss of millions of lives and properties. The impacts of the calamities are more prominent during monsoon period. Early prediction of such events and identification of hazard zones beforehand could save millions of life and properties. In this context, application of AHP method in Geographic Information System (GIS) tool could be appropriate in prediction of landslide hazard. GIS based AHP method has also been applied in previous studies which has proved to be very effective and valuable method to landslide susceptibility mapping (Ercanoglu et al., 2008; Yalcin, 2008) . In the present study, various physical and ecological factors influencing the landslides have been considered for impact zonation. AHP method is used to provide weightage to the factors before processing in ArcGIS. Data Used: In this study, Primary data were produced through site investigation whereas, secondary data were generated using topographic map of Taplejung District; sheet no: 2787 11 and 2787 12. The topographic factors influencing the landslides such as slope, aspectand drainage density were acquired from the Digital Elevation Model (DEM). Other factors such as soil type and landuse were derived from digital information provided by GoN and FAO. Existing and past landslides were mapped through field investigation and Google Earth Image interpretation. All factors mentioned were co-related with past occurred event. For each attribute, data/ maps were integrated and numerically rated according Saaty Scale of Comparison, (Saaty 1980) .The data and sources utilized are mention in Table 1 
MATERIALS AND METHODS

2.
Aspect Aspect was derived from the DEM and classified as flat, North, Northeast, South east, South west and West. During the field investigation, existing landslides were found higher in the south facing slopes. Aspect (slope orientation) affects the exposure to sun-light, wind and precipitation thereby indirectly affecting other factors that contribute to landslides such as soil moisture, vegetation cover and soil thickness. (Clerici. et al.2006) .
3.
Elevation The elevation of the study area ranges from 760 m asl to 2680 m asl. The area is characterized by flat river terrace and debris flow along gullies and steep slopes. The elevation below 2000 m asl is considered as "Lesser Himalaya", Siwalik region. This region is prone to mass slide and debris flow in the Himalayan belt region. The study land area comprises of hollows and these regions usually slide materials and converge into the narrow region at the base of the slope. (Reneau and Dietrich 1987) Land use For Land use map, DEM data and satellite image of Landsat/Copernicus derived from google earth (2016) was referred. The land use classes considered are; cultivated land, forest cover, bush land, barren land and water body. About 48% of the basin area consists of cultivation land (210.26 ha) which is followed by forest and bush land. According to ICIMOD, the project area consists of Mixed Broad leaved Forest (10.241 ha) at an elevation range of 2400-2680 m amsl, East Himalayan Oak Laurel Forest (211.15 ha) at an elevation range of 2360-1640 m amsl, Schima Castanopsis Forest (204.12 ha) at an elevation range of 1600-1000 m amsl and Hill Sal Forest (13.520 ha) at the lower part of the study area.
5. Soil type According to FAO, soil types are classified as; Humic Cambisols (CMu), Eutric Regosols (RGe) and Eutric Cambisols (CMe). Cambisols have high resilience to degradation, and moderate sensitivity to yield decline whereas, Regosols are characterized as weakly shallow formation soil, and medium-to fine-textured, unconsolidated parent material that may be of alluvial origin.
6. Drainage It is dependent on climate, geology (bedrock), vegetation and concentration of rainfall. The confluence of Thumba Khola and its tributaries drifts from concave slope and water pressures are usually higher in those axial regions. Area having higher drainage density is usually prone to shallow-seated landslide whereas, large scale landslide is frequent in area having lesser drainage density (Hasegawa et al. (2008) during heavy rainfall. The yearly total precipitation record from the station number 1404 located at Tapethok is 2561 mm; the total monsoon rainfall is 1979 mm; maximum at month of July is 590 mm; minimum monthly rainfall for October, November, and December is 0 mm.
Distance from streams
The drainage density and its saturation degree plays a vital role in instability. It can erode the nearby slopes or saturates the lower part until water level rises. Thus, streams are offset and classified into five groups from 0-100 at the range of 20 m distance. Distance from rivers segments shows the proximity to potential paths of debris or sediment movement, and potential erosion location. Landscapes can be dramatically reshaped by landslides, with more gradual erosion process. The present landslide can lead to future landslides. The areas close to the existing landslides are more prone to landslides in the future. Scrutinizing the maps, Google earth image and site investigation (Figure 7) , we can deduct that the past landslides have mostly been scattered in the south facing areas at the elevation range of 1500-2400 amsl.
Existing Landslide
AHP method: The Analytic Hierarchy Process (AHP) is a structural framework that enhances the realization of complicated decisions by decomposing the issue in a hierarchical structure. In the present study, a hierarchy of landslide causative factors are compared to each other in a matrix in which every factors are rated with other factor giving a score value. The scores are provided based on the comparative precedence of the factor introduced by Saaty (1977) . Table 2 and Table 3 shows the comparison matrix between set factors and standardized matrix to derive the weighted percentage value. Table 6 . Furthermore, most of the hazard zones are distributed in the area with past landslide. According to the histogram, 63% of cultivated land and 80% of forest is south facing whereas, 30% of agricultural land is north facing. About 60% of south facing cultivated lands having slope of 45-60 degree is susceptible to landslide.
CONCLUSION AND RECOMMENDATION
There has been a gradual increase in the landslide disaster events since last two decades, which has become more pronounced in the last decade. The landslide ultimately contributes to mass deposit in downhill rivers add sediments to rivers and also have significant influence on human life and properties. Since, GIS is helpful tool to analyse hazard but in addition, inputs through AHP returns. Recommendations by weighting various evaluation criteria according to the objectives, as well as the alternatives from the viewpoint of each evaluation criterion and the final scores of the alternatives.
Therefore, in case of Thumba Basin, risk predicated should be scrutinised. Early warning System, planning and prioritizing disaster mitigation efforts should be timely build to address the forthcoming complications.
ACKNOWLEDGEMENT
I would like to include special note of thanks to Sr. Engineer Mr.Anil Kutuwo for guidance and expertise and also Sanima Hydro team for the assistance.
